Steady-state electron currents were driven by fast waves with~"&&ru && co" in an initially current-free plasma in the Irvine Torus. Current direction was controlled by the fast-wave phasedarray antenna. Low-power experiments ( & 25 W) generated up to 1.3 A of electron current with a peak efficiency of g= InR/P = (6X 10 ' A/W)(10" cm ')m. Up to 14% of the wave energy was converted to poloidal magnetic field energy.
The experiments reported here were performed on the Irvine Torus (see Fig. 1 ), a steady-state toroidal device with major radius 56 cm, minor radius limiters set at 3.5 cm, T,~1 5 eV (but with a substantial highenergy electron tail, as mentioned below), and n, The direction of fast-wave propagation around the torus was controlled by selection of the phasing to each element of the array. For current drive it is desirable to launch the wave in one toroidal direction only. Indeed, when symmetric phasing was used, no current was detected. The phase difference between adjacent elements used to produce current drive was +90' depending on the direction desired. The current produced was slightly, but not significantly, larger for one phasing, compared to the other. The direction of the electron flow induced was in the direction of the axially imposed phase velocity of the fast wave, i.e. , launching the wave clockwise around the torus induced clockwise electron flow and counterclockwise phasing induced counterclockwise electron flow.
Current generation via waves should occur only for densities above the wave cutoff density. For this experiment the fast-wave cutoff density was about 6x10" cm ' while the slow-wave cutoff is near 10 cm 3. Figure 3 shows wave-driven current as a function of density, with the radio-frequency power delivered to the antenna held constant. When the density was lowered below about 6X10" cm 3 no current generation was observed. Hence, slow waves did not play a significant role in the current generation reported here. At n, =4X 10' cm the experiment was calcu~; = 1.4. Hence, the results of fast-wave current drive reported here occur for densities higher than the "density limit" (o&/co~, -2) found during lower-hybrid current-drive experiments. The observed rise time of the current was 280 nsec.
Upon wave turnoff the current dissipated to zero in 600-800 nsec, consistent with the measured time for a 1-keV electron to drift out of the torus. After initiation the current remained constant until the wave power was terminated, regardless of wave pulse duration. For lower-hybrid current drive 7) has steadily increased as experiments have gone to larger devices with improved confinement.
We note that q for fast-wave current drive on the Irvine Torus compares very favorably with typical figures for slaw-wave current drive for similar experiments.
In conclusion, an antenna designed to couple to the fast wave in the regime~"&&a && cu"has driven over 1 A in the Irvine Torus with efficiencies up to q= (6x10 ' A/W)(10" cm 3)m. 
